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GRAM - POSITIVE COCCI 

|j|here are two medically important genera : Staphylococcus and 
Sjtreptococcus. The organisms in these genera are nonmotil e and do not form 
spores. Family Micrococcaceae : 1) Genus : Staphylococcus 2) Genus : 
Micrococ cus . 

Family Streptoc occaceae : 1) Genus : Streptococcus ( 28 species and 
subspecies). — , 



STAPHYLOCOCCUS 



t , 1 £5> ' 

uiseases Staphylococcus aureus causes abscesse s, various pvoge nir 
i nfection s ( eg, endocarditis and o ^eomvelitis ) > Hf Sod poisonin g, an d tox ic 
sh ock syndro me. It is one of the most comm on causes o f hospit al — aoq i j i roH 
^ r iongnrniuf a,} ) pneumonia, septicemia, and surgical - wound inf^inn c 
^Staphylococcus epidcrmidis can cause endocardi tis and prosthetic joint 
infections.^! taphylococcus saprophyticus causes urinary tract infections. 

Important Properties Staphylococci are spherical Gram - 
; positive coc ci arranged in irregular grapelike clusters. All staphylococci 
produce catalase, whereas no streptococci do ( catalase degrades H 2 0 2 
into 0 2 and H 2 0). Catalase is an important virulence factor because H 2 () 2 is 
microbicidal and its degradation limits the ability of neutrophils to kill. 

Three species of staphylococci are human pathogens: S aureus, 
S epidermidis. and S saprophyticus ( Table *^). Of the three, S aureus 
j is by far the most important. S aureus is djstinguished from the others 
primarily by coagulase production ( coagulase is an enzyme that causes 
plasma to clot by activating prothrombin). Furthermore,. S aureus usually 
ferments mannitol and hemolyzes red blood cells', whereas the others do 
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not. S epidermidis and S saprophytes are often referred ro as eoagulase 

negative staphylococci. • n i as ,-nids that encode 

More, than 90/o qt_5 . aure — -- ne nicUUns. Some 

& - lactamase, the enzyme that deg ‘ ad ^'" 5 '-Y a otamase- resistant penicillins, 
strains of S aureus are resistant to the ,P, ^ _ 

such as methiciUin and nafciUin, by 

bindi^oiajnjm cei l IhHMP - «“** 

as methicillin - resistant S aureus 

^ i^F.NUS ST APi jV ^COCC^ S 

l.UlAM *'Os *. — .1 

COI.ONIKS 

golden 

GOLDEN 
WHITE 




WHITE 
WHITE 
GOLDEN ( RARE) j 



WHITE , 

WHITE- 

Ap^-WHITE-®^1 



n 



'All staphylococci are catalase - positive. 



. ( MRSA) or nafcillin- resistant S aureus < NRSAV Rare strains catled 
! vancomycin - intermediate S aureus ( VlSA)Trtii reduced sensmvrty 

^o("f vancomycin, have emetged. , 

JL 0 . , S aureus has several important ceti wall components and anhgens. 
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P,0tehl A is ^eiMOr pxotein in the oeJl wall. It is an important 
virulence factor because itblndllo the Fc prote'in of IgG at~ the 

* n S s^e , ( fig 1 ) thereby , preventing the 
activation ofcompleme n t (fig 2), As a consequ^eT^C3b is 
produced, and the opsonization . and phagocytosis of the organisms 
are greatly reduced. Protein A is used in certain tests in the clinical 
laboratory because it binds to IgG and forms a “ coagglutinate 5 ’ 
^ antigen - antibody complexes. The coagulase - negative^ 
staphylococci 4o.not4iroducej)rdtein A. X''* 

■s are polyme rs oTr jbifol phospha te: They mediate 
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(3) 



adhersaai of the staph ylococci 'to mucosal cell g t o 

tcichoic acids develop iiTcertafi staphylococcal infectiolglp 5 
-endocarditis. ,, 

Surface — recep^tors_ _for specific staphylococcal bacteriop h^ 
perniit the “-ph age typi ng;' .pf s trains for epide miologic purposes. 
Teichoic acids make up part of these receptors^ 



(4) Most strains of aureus are__£aated with a S1T 

polysa cchai-ide capsu le ( -microcapsule ) that is anti phagocytic. 

There are (JJy serotyp es based on a ntigeni city of the capsular 
polysaccharide. i " . : 

(3) f T he peptidog lycanoCg^am-eus has endotoxin — like p mpprfriPQ - fc, 

. *i . it can stimulate macrophages to produce cytokme.x and can activate 

the complement and coagulation cascades. This explains the ability ^ 
of S aureus to cause the clinical, findings of sept ic shock Vet not * 
p ossess endotoxin . ^ ^ ^ 



Transmission staphylococci are found primarily } n the normal human 
flora. S epide tjnjdis is regularly present oa normal skir, and raucous 
membranes. S aureu s is most often found in. the nose a t nd sometimes on 
the skin ., especially in hospital staff and patients.' Additional sources of 




1 . Invasive pathogens reach 
epithelial surface. 
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Coagulase 




Blood clot 






Streptokinase 
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•Blood vessel 
1 . Pathogens produce coagulase. 
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FIGURE 14.3 ErryomlcEuIortt Rotor, kelp •»* <“t“ “"* "* 

"cement" that Wolds together the cells that line the intestmal J ?- prolcc J n f»m immune-defenses. Streptokinase dissolves 

intestinal tissues. (W Coagulase triggersblood prriucmg streptokinase.- ' 

blood clots. Bacteria trapped within a clot can free themsel ves and sp read the^tet^oyp 6 ^ — 
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Carboxy terminal and 
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Structure of IgG. The Y-shaped IgG molecule consists of two light chains and two heavy 
chains. Each light ch£in consists of a variable region and a constant region. Each heavy chain consists of 
a variable region and a constant region that is divided into three domains: CHI, CH2, and CH3, The CH2 
domain contains the complement-binding site, and the CH3 domain is the- site of attachment of IgG to re- 
ceptors on neutrophils and macrophages. The antigen-binding site is formed by the variable regions of 
both the light and. heavy chains. The specificity of the antigen-binding site is a function of the amino acid 
sequence of the hypervariable regions (see Figure 59-3). (Modified and reproduced, with permission, from 
Brooks GF et al: Medical Microbiology , 20th ed> Original]/ published by Appleton & Lange. Copyright © 
1995 by The McGraw-Hill Companies Inc.) • 



Antigen-binding site 






Hypervariable 
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light chain 
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Fig. 5.1 The antigen adaptor molecule. Antibodies 
(antl-forelgn bodies) are produced by host lymphocytes 
on contact with Invadlng^mlcrobes which act as antigen 
(i.e. generate antibodies). Each antibody has a 
recognition site enabling It to bind antigen, and a 
backbone structure capable of some, secondary biologic; 
action, e.g. activating complement and phagocytosis. 
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Loss ot cellular contentstnrough 
transmembrane channel formed 
by membrane attack complex 
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' Contptaao. acavariort via doU a»J 

d*ar the ctaical ot tht atenuto ^S"mca “re mtooteam™: cptolytit. 

"These fragments induce three kinds of consequences aes f 

inflammation, and opsonization. 

Complement is a defensive system consisting of at least 20 hnefact.ng scrum protem.. 
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staohylococcal infection are shedding from human lesions tmd fomites 

contaminated by these lesions. Disease production is favored by « 

contaminated environment ( eg, family members with bods) and 

• a immune system Low levels of antibody-, complement, oi 
compromised immune system. . . _ 

neutrophils especially predispose to f^cTof the deeper 

Boils-(Funincks) arc *«J^°^ vlocoed . This causes an 
of the hair follicles by Py Q & . su np U rauon and necrosis, 

acute inflammatory reaction ending m ««EP ur — 

Pathogenesis 

HSS S disease both by producing toxms and by muK,p!ymg. 

' i„ tissue and causing inflammation. The typical lesion of aureus 
infection is an "abscess. Abscesses undergo ^central necrosis an 
usually-drairato-fhe outside ( eg. furuncles - boils), but organ, sms 
e via the bloodstream as well. Foreign bon.es. such 

as Strtitt®. and intravenous catheters, are important predispos « 
factors to infection b y S aur eus. 

ZZ important toxins and enzymes are produced by S -e_us. e 
three clinically important exotoxins are enteioloxin. ox.c s 

T"S£T2£ .~m - »-■ »“T 

( > diarrhea- U acts as a ' s^egn^" 1 within the 
gastrointestinal tract to stimulate the release ot a, gc 

amounts ofjptcrleuV^ ( '^ ) 

«spect.veiy. IMS 

fairly heat - resistant and therefore is usually not inactivated 
by brief’ cooking. There are six immunologic types of 

enterotoxin, types ) 

_ . *• r*/ too 



( 2 ) 



enteroiuAiii, \ ^ ^ , \, 

ToxkTKk syndrome toxiifi TSST) causes tox.c shock, 
especially in tampon (polyester- Mm and polyacrylate 
rayon) - using menstruating women or in individuals with 
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relatively mmspecillc antigens and 
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w ound infectionsA T oxic shook glso occurs in p atien ts with nasa l 

packing u sed to s t op bleed i ng from the nose.) TS ST is a 

superantigen and causes toxic shock by stimulating the 
release of large amounts of IL-1 JL-2 . and tu mor necro sis 
factor ( TNF ) ( see the discussions of exotoxins in chapter 7 
and superantigens in chapter J8). Approximately 5-25% of 
isolates of aureus carry the gene for TSST . Toxic shock 
occurs in people who do not have antibody against TSST^Vj^ & ) 
(3) Exfoliatin causes “ scalded - skin u syndrome in young 
children. It is “ epidermolytic” and acts .as a protease that 



(4) 



Cp III 
lUl 



cleayes desmosomes. leading ' to the ^separation of the 
epidermis at the granular cell layer. 






se 



(5) 



Several toxins can kill leukocytes ( leukocidins) an 
necrosis of tissues in vivo. Of these, the most impoftan 
alpha toxin, which causes marked necrosis, of the skin and 
hemolysis. The cytoto xic ef fegt-pf a lpha tox in is attributed 
to the formation of hoies.jnthe c ell me mb rane. an d the 
consequent loss of low - molecular - weight substances 
from the damaged cell Wi 

The enzymes include c oagula se. fifaunolysin. hvaluronidase . 
protease , nucleases, and Upases. C oagulase, by clottin g 
plasma , serves to wall of thejpjectlon site , thereby retarding 
the m igratiorLof neutroph i I s into the, site. Staphylokinase is a 
fibrinolysin that can lyse thrombi. Also Dnase, and (3 



B. S epidermidis and S saprophyticus Unlike S aureus, these two 
coagulase - negative staphylococci j lo not produce exot oxins. Thus; 
they do ^iot cause food poisoning or toxic shock syndrome! They can, 
however, cause pyogenic infections by e licit ing a neutrophilic 
response. For example , S epidermidis is a prominent cause of 
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M ACTIVATION OF HELPER T CELLS 
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^ against 
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T h 2 cell 
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Release of 
destructive 
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FIGURE 17.13 The reaction* in cell-mediated immunity, (a) The macrophage has processed an antigen and inserted an antigen 
(peptide) fragment into its plasma membrane as an MHC class II molecule. T H cells have receptors that recognize the peptide fragment on MHC 
class 11. Binding causes the T H cells to become activated. The activated T cells then differentiate into either T H 1 cells or T H 2 cells. T H 1 cells acti- 
vate infected macrophages tp.destroy internal bacterial infections. T H 2 cells activate B cells (humoral Immune responses) by binding to MHC 
i class II peptide presented by the B cells, (b) Presenting the same peptide fragment on MHC class I to T c celbfactlvates cells to attack infected 
’ cells, especially abnormal or vlrus-lnfected cells. 
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pyogen ic infections on prosthet ic implgjrts s uch as heart valve s and 
hip joints. 

Clinical findings The important clinical manifestations caused by S 
aureus can be divided into two groups; inflammatory and toxin- me diated. S 
aureus is a major cause of skin, so ft tissu e, bone^ joint., lung, heark and 
kidney infections. In the following list, the first six are inflammatory in 
origin, whereas the last three are toxin- mediated. 



A. S aureus : Inflammatory . 

(I) Skin infections , including itapsligo, furuncles , carbuncl 
paronychia, cellules, ( fig 5) sut 



L/CLI v./t.Aj' I / __ — " - , • w 

eyelid inf ections (, blepharitis ), and postpartum breas t 
i nfections ( mastitis ), thrombophlebitis of cavernousinus 
a' furuncle infection. ( figs 3-4 -5 -&) . 



(2) Septicemia ( sepsis) can originate from any localized lesion, 
especially wound infection, or as a result of intravenous . 
drug abuse. Sepsis caused by S aureus has clinical features 
similar to those of sepsis caused by certain gram - negative 
bacteria such as Neisseria meningi tides. 

(3) Acute bacteria l endocar ditis on normal or prosthetic , heart : 
valves, especially right- - sided endocarditis in intravenous 

^drug users ( prosthetic valve endocarditis is often caused by 
S epidermidis) frequently fatal within a few days or weeks if ; 




untreated. 

(4) Osteo myelitis and arthritis, either hematogenous or 
traumatic; it is very common! cause of osteomyelitis and 



arthritis, especially in children. 
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(5) Pneumonia in postoperative patients or following viral 
• respir atory i nfect ion., especially influenza ( staphylococcal 



( 6 ) 



pneumonia oftenjeads to empyema). 

Abs cesses ( metastatic V in any organ, after bacteremia . 



B. S aureus : Toxin - Mediated 

( 1 ) Food poj sonin g ( characterized by vomitin g being more 
prominent than diarrhea) caused by i ngest ion of enterotoxin, 
which is preformed in foods and hence has , a short 
incubation period ( 1 - 8 hours') : 



(2) 




0 



(3) 



cafe, . 

Toxic shock syndrome, which includes fever, hypotension, 
and a diffuse, macuiar, sunburn - like rash that goe 
desquamate, and involvement-of three or mon 
following organs: liv er, kidney, GI tract, central nervous 
sy stem , muscle . or bloody fig 7). 

^Sc alded skin syndrome^ in which the superficial layers of th e 
-.epider mis slough in response to the presence of exfoliating 
figs 8-9). ^ : ” “ 



C. S epidermidis and S.saprophyticus . 

! There are two coagulase — negative staphylococci of medical 
importance: S epid ermid is and S saprophytic us . S epidermidis infection are 
almost, always hospital - acqui red, whereas S saproph yticu s infection s are 
almost always community - acquired . 

S epidermidis is part of the normal human f lora on the skin and 
mucous membranes but can cause infections o f. intravenous c atheters a nd 
^prosthetic implants, eg, hear t valv es, vascular graft s, and ' joints . S 
epidermidis is also a major ca use of s epsis in neonates and o f peritonitis in 



n atients with renal failure who are undergoing peritoneal dialysis through an. 
i ndwell im? cathete r. It is the most common bacterium to cause cerebrospinal 
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fluid shunt in fections. Strains of ep idermidi s that produce a_g&cocalyx are 
more likcTy to adhere, to pr osthetic implant materials and therefore are more 
likely to infect these do not produce a ^yc ocalyx. 

are a major reservoir for antibiotic-i^ista^tra.n ofS 

epidermidis. , 

“"^aprophyticus causes urinary tract infections, part, cularly m 

s exually active young wom en. Most women .with tfemfection have had 

sexual intercourse within thepretdousjdj,^ This organism ,s second to 

E coil as a cause of community tract •nfc S ia» in young 

women. 

Laboratory diagnosis smears from staphylococcal jesions, reveal 
f Gram - positive cocci in gragli te clus ters. Cultures of S aureus typically 
yield golden - yellow colonies that are usually betajtemolyuc. au.eus ,s 

M.ng- salt agar is a commonly used screen, ng 

d?vici for saiueus. Cultures of coagutase - negative staphylococci typically 
yield white colonies that arejonl^^TheWg^o agulase - n e gat ive 
staphylococci are” distinjpiished — uy — their — rcaction — to^Jhe^anti^toltc 

no generall y useful s erologic or_skm tesB. In toxic shock 
s^SrSation o7 3 aurcus is not regui^ to make a diagnosis as long 
as the clinical cri te ria are m et. Phage typin^ ep.demjolog ical ^nvevs 

(table 15-2). 

Treatment in the united slaws, 90% or more of S aureus strains 

are resistant to pem^- Most strains produce Pj5« ™der 
control of, ffl n S mt^feqtlds. Such organisms can be treate d £|J|_ 

ege, nafedhn ** >• =* 

■ , . rtP wtmi'omvcin. Treatment with a combination of a p - 
gTIaitiue penicillin, eg. 

i, clavulanic add. is aiso useful. ’Approximately 20% of S aureus s.ra.ns 
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are • mfi^hilfrllHn- rcj^ggt” ( or “ nafcillin - resistant”) by virtue of altered 
-pemcilii n - binding proteins . Such organisms can produce sizable outbreaks 
of disease, especially in hospitals. The drug of choice for these staphylococci 
i svanc oi u y c in, to which ge ntamicin issometimesadde d. Strain, of S aureus 



\\[ 



with intermediate resistance ( so - called VISA strains) and with complete 
resistance to vancomycin have been isolated from patients. These strains are 
typically methicij lin / n afcijjjn - resistant as well, which makes them very 
difficult„jo_jreat. A combination of two streptQgraiwi ps, quinupristin - 
dalfopristin ( synercid ), has been shown to be effective , but synercid is 
available only as inve stigational drug at 'this time. Streptogramins iifhibit 
bacteriaLgrotein synthesis in a manner, similar to macrolides but are 
bactericidal for S a pi-pnc - j||jp| | 

The treatment of toxic shock syndrome involves correction "of the 



sjiflckjjging fluids, pressoiuirugs. and i notropic drugs ; administration of a p 
- lactam a se resistant penicillin such as n afcilli n ; an^emoval of thetainpon 
or debridement of the infected site as neede d. Pooled serum globulins, which 



containluitibodies against TSS T. may be useful./ 

Mupirocm is very effective as a topical antibiotic in skin infection s caused 
byi Sj ui f siia. It also has been used to reduce nasal carrlageof the onanism in 
hospital personnel and in patients with recurrent staphylococcal infections. 



Some strains of staphylococci exhibit tolerance; ie, they can be 
jnhibited bv an tibiotics but are not killed ( the ratio of MBC to MIC is very 
high ). Tolerance may result from failure of the drugs to inactivate inhibitors 
of autolvtic enzymes that degrade the organism. Tolerant nr pani^m..- 
^e t reated whh drug- combinations. 

Drainage ( spontaneous or surgical ) is the cor ner s tone of^ absces s 
treatment. P revious infection provides only partial immunity! to reinfection. 

S epidermidis is highly a ntibiotic resis tant. Most strains produce p- 
lactamase and many are me thicill in / nafcillin - resistant. The drug of choice 
is vancomycin to which either rifampi n or an ammoglycomlexan be added. 
Removal of the catheter or other device is often necessary. S saprophyticus 
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Phagetvping of Staph aureus strains. 
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urinary tract infections can be treated with a quinolone, such as norfloxacin, 

or with trimethoprim- sulfamethoxazole. 

Cj> [<- ~ I 

Prevention There is no effective immunization with toxoids or 
bacterial vaccines. Cleanliness, frequent hand — washing, and aseptic 
management of lesions help to control spread of S aureus. Persistent 
colonization of the nose by S aureus can be reduced by intranasal(^^oSaN 
<*: by oral antibiotics, such as cigrofloxafiilt or trimethoprim- 
suifamethoxazole , but is difficult to eliminate completely. Shedders may 
have to be removedfrom high - risk areas, eg, operating rooms and newborn 
nurseries. Cefazolin is often used perioperatively to prevent staphylococcal 
surgical wdubd infections. 






& 



■ ftV 







Bacteria from Ventilation 
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FIGURE 1 5.20 Some common modes of transmission oF nosocomial infections in a ho 
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the face 



-uj 3 . SPECIAL INFECTIONS OF THE FACE 

KniU and * Pimnles ’ in the region of the ' danger - (mask) _ — -- . 

Woiis ana i lmpies m a , incised, for by so doing the infection 

(fig. 532) should never be squeezed. “ ^ctioM (W 533) and cause cavernous 

can reach the cavernous sinus by the venous connections 

sinus thrombosis (fig. 5 *t)> a fatal condition m the pre-antibiotic days. . 
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oSmic . J ophthalmic 

VEIN ' • (^--. PLEXUS 

. 

angular / 
vein f V 




Fig. 532. — The 
1 danger ’ area of 
the face. 
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Fig. Z 5 — The cavernous 

« c-A-rvnP f'TinnS. 



sinusiahd its connection^ \ 
(y£A/c<*& 'XCAt-C /V W 1 ) 




Fig. *i U petigo 
is 0 concJItion limited 
to the epidermis, 
with typically yellow, 
crusted lesions, It Is 
commonly caused by 
Strop, pyogenes 
I either alone or 
together with Staph, 
aureus , Courtesy ot 
MJ Wood. 

1 




F i g . 534.“ 
Thrombophlebiti : 
of the caverno- 
sinus secondary ' 
a furuncle of \ ■ 
naris. (P. Reach-, ■ 
F.JR.C.5., London .) 
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Fig. ■ Folliculitis. A superficial InMtion.shown here 
iocalized in the hair lolliclas on the forearmTXhe bolls 
contain creamy-yellow pus and masses of'bacteria 
Staphylococcus aureus is the most commoii cause. 
Courtesy of A du Vivier. 



F, ®‘ '* Toxlc shock syndrome realiiiffomeyetemio 
inteotlon with Staph, aureus but has skin 'manifestations 

' h Q ° rm ot desquamation particuiaHjipf fhe palm and 
soles. Courtesy of MJ Wood. 



Ml y :, 

rig.v,.V” 

.^taphylococcal 
scalded skin 
syndrome. There are 
Tlarge areas of 
^epidermal loss 
Inhere bullae have 
gburst. Courtesy ofeb 
feIJrown. 



Fig, . Scalded skin syndrome resuJts'ijrqift^^ •. 

*he skin with strains of Staph, aureus ' 

toxin which desiroys the intercellular conhectloriafin the s -^ ?: 
skin resulting in large areas of de squ amatlo nf Yh e • ■ 

duvTier 006 mSy be C0n/Used wilh a bum ‘ Courtesy of A 



* «• Gram-positive cocci In pus. 



ploV^ '^Plococcu, 



n ,' a ; . " , !e i ' y " JVIin streptococcus 

to i • - ,n ° m ® dermal lymphatics and giving 

SA l Wn* and Induration 

S^ n ^- IVei ! #*" '* o«en a typical 
Wood ^ * ra?h ’ SS 9h0Wn her0, Cou rtesy of MJ 



in the sub- 

dermal fat cellulitis, a severe and rapidly progressive 
infaetb" the typical presentation. Large blisters and 
scobs may also be present.on the skin surface. Courtesy 
of MJ Wood. 



/ 









fig /’t * Cellulitis 

'A suppurative inflammation of the subcutaneous and-fascial planes 




Vr Cellulitis usually presents with a well demarcated area of inflammation 

• > Redness, heat, swelling and pain are the cardinal signs of inflammation 

• Fatal gangrene can occur . ... *>--• j - v 









fig 18 * Orbital cellulites 
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Cavernous Sinus Thrombosis > (c • £ • TJ •“ 

Tvs 'jhAws 4 

fZ7SZ^c E 3*i£ -ttZ EtSLi -. — 

M —I* * ■( . u»kinH 



The two cavernous sinuses are large veins lying within ^e^connect with the veins 

each eye socket (orbit) and on either side of the pituitary gland. They 
of the face a nd th o 36 of the brain. • • . . . 

The cavernous sinuses receive venous blood from the facial yews ® 
superior and inferior ophthalmic veins) as.well as the 8 P h ®" 0 ' th en ^ 

cerebral veins. They, in turn, empty into the. inferior Pf h r ^ in s ' n r ^ 
the internal jugular veins and the sigmoid sinuses via the supe P _ 

This complex web of veins contains no valves; blood can flow in any 

direction depending on the prevailing pressure gradients. 

1 he internal carotid artery with its surrounding synnpathetic P'fxus Passes 
through the cavernous sinus. The third, fourth, and sixth cranial nerves are 

attached to the lateral wall of the sinus. The °P™ ha ™ ic f " d y 

divisions of the fifth cranial nerve are embedded in the wan. • 

'’. his intimate juxtaposition of veins, arteries, CST Y ' 1 0 * 

sinuses accounts for the characteristic etiology . 

The 1,108 back 10 ^ ^ 

cellulitis. From this local inllammation, njection ay^ penSi the b)ood in the sinus may 
reach, and involve, one of the cw vei -nous «i u conseq °ences. This is a cavernous sinus 

turn to an infected clot, with potentially very ser,ous °^_______ 

thrombosis, _ . — -r^Ti n f^effective^ antimicrobial ag > 

' Mortality/^ 100%. Typically, de ®*'^ je 

mortality rate from CST was efiecjW . f ction . With aggressive 

^ss^^ssassn 

left with some degree of visual irnpaim . — 

deficits .^. ~ - — ' . • * • 

Causes: . 

. Most cases ofseptic CST are idue To 

- SC.SS , i u .'SS'SS*« ; : 

. The causative agent ^ ^ ^ rS mfvbe^ mplicated in rare ca ses__ 
streptococci, pneumococci, ana 9 __ — _ — 



I 



Race: No predilection 
Sex: No predilection 

Age: All ages are affected, with a memo! 22 years. 




1. 

2 . 

3 . 

4 . 

5 . 

1»9> 



Internal carotid artery 
Vertebral artery 
Cavernous sinus 
Carotid canal 
Anterior cerebral artery 
Posterior cerebral artery 
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Oculomotor 

nerve 

Trochlear. 

nerve 

Cavernous 

sinus; 



Sphenoid 

sinus 



-Carotrd artery 

I^Abtlueens 
nerve 



-Ophthalmic 
nerve 

Maxi 1 1 ary 
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Figure 7-4. Mode ol action of endotoxin. Endotoxin is the most important cause nf septic shock, which is character- 
ized primarily by fever, hynniftnain n. and disse minated intmyaacular-^^ Endotoxin causes these ef- 
fects by activatingTfiree critical processes:!!*) activating macrop hfloas JQ prodU C.e. Jf^£L^J<j..04 .(1L- 1 necrosis 

f^Qtpr (TNF) , n ifhr (2) activating complement to pr oduce C3a and C5a ; and (3 ) activating Hagem an factor. 

nn nnrl.. nnmnMnnnl Ik/. ^ .^ /* /-. . AflOnoHo 
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Table 7-10. Ejects of endotoxin. 






Clinical Findings' 


Mediator or Mechanism 




t — 

Fever 


lnterieukln-1 ^ 




Hypotension (shock) 


Bradyklntn, nitric oxide 




Inflammation 


Alternative pathwayoi complement -- 
(C3a, C6a) 


* *" ’• ‘ " ** •' '• 


Coagulation (DIG) 2 


Activation of Hageman factor 




"Tumor necrosis factor triggers many of these reactions. 
2QIC, disseminated Intravascular coagulation. 
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Endotoxins * Endotoxins are integral parts of the cell walls of both gram- negative t ods and 
cocci, in contrast to exotoxins,- whic h are rel e ased from the c ell (Table 7—6) lh addition, several 
other features distinguish these substances. Endotoxins are I jpopoly gaaEUacidw (LPS), whereas ex- 
otoxins are polvpentides: the enzymes that produce the lipopolysaccharide are encoded by genes on 
the bacteriSr^mm^me, rather than by plas mid or bacteriophage D tjA, which usually encodes the 
cyoIqxnwTThe toxicity of endotoxins'is low in comparison wit h thajof exotoxjns. All endotoxins 
pioduce the same generalized effects of fever and shock, although the endotoxins of some organ- 
isms are more effective than those of others (Figure T^). Endotoxins are weakly antigenic; they in- 
duce protective antibodies so poorly that multiple episodes of toxicity can occur. No toxoids have 
been produced from endotoxins, and endotoxins are not used as antigens in any available vaccine. 

The findings of fever and hypotension are salient features of septic shock. The endotoxins of 
grant-negative bacteria are the best-established caus.-.o of septic shock, but surface molecules of 
gram-positive bacteria (which do not have endotoxins) can also cause septic shock (see below). Two 
features of septic shock are interesting: 



(1) Septic shock is different from toxic shock. In septic shock, the bacteria are in the bloodstream, 
whereas in toxic shock, it is the toxin thaLkc jrculating in the blood. Th e clinical importat.ee of this 
observation is that in septic sltock, M ood c ultures are usually positive, where as in toxic shock, they 
are usually 



(2)* Septic shock can cause the death of a patient even though antibiotics have killed the bacteria in 
thef patient’s blood; ie, the blood cultures have become negative. This occui^b because septic shock is 
.mediated. hjLCytokines, such as minor necros is factor and_mierleukin-_l (see below), that continue to 
art ftvft n though the bacteria that induced the cytokines are no longer presen t. 
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The biologic_effects of endotoxin (Table 7-10) include 

SSsSxSf *5 *sassaa?g 

(3) Disseminated intravascular coagulation (DIO due m nrrivnri^n ~r 

sa."-- f>e “ <ta " ™ ?->»■■£ ££ rasas 

ileSmS" 0, “" ° r “» eoinplement Mod. nu, in Wtomufa, „d 

— r—UiL ■ —.■■I .■ .■■'■- 



(5) Activation of macrophages, increasing their phagocytic ability, and activation of many clones of 
B lymphocytes, increasing antibody production. (Endotoxin is a polyclonal activator of B cells but 
not T cells.) 

L*. 

The evidence that endotoxin causes these effects comes from the following two findings: (1) puri- 
fied lipopolysaccharide, free of the organism, reproduces the effects; and (2) antiserum against endo- 
toxin can mitigate or block these effects. 

Clinically, the presence of DIC in the patient can be assessed by the D-dimer laboratory test. D- 
dimers are cleavage products of fibrin (fibrin split products) that are detected in the blood of patients 
with DIG. 

Endotoxins do not cause these effects directly. Rather, they elicit the production of hosttfactors 
such as interleukin- 1 and cachectin' (tumor necrosis factor, TNF) from macrophages. 2 TNF is the 
central mediator because purified recombinant TNF reproduces the effects of endotoxin and anti- 
body against TNF blocks the effects of the endotoxin. Endotoxin also induces macrophage migration 
5s inhibitory factor, which recent studies have shown plays a powerful role in the induction of septic 
.: shock. 

i Note that TNF in small amounts has beneficial effects, eg, causing an inflammatory response to 
\ thc presence of a microbe, but in large amounts, it has detrimental effects, eg, causing septic shock 
'•i and It is interesting that the activation of platelets, which results in clot formation and the 
'•> walling-off of infections, is the same process that, when magnified, causes DIC and the necrosis of 
tumors. It is the ability of TNF to activate platelets that causes intravascular clotting and the conse- 
quent infarction and death of the tumor tissue. The symptoms of certain uutoimmune diseases such 
as rheumatoid arthritis are also mediated by TNF; however these symptoms are not induced by en- 
dotoxin but by other mechanisms, which are described in Chupler 66. Some of the important benefi- 
cial and harmful effects of TNF are listed in Table 7-11. 

Endotoxins can cause a pyrogenic response in the patient if they are present in intravenous fluids. 

, In the past, intravenous fluids were sterilized by autoclaving, which killed any organisms present bui 
| resulted in the release of endotoxins that were not heat-inactivated. For this reason, these fluids are 
i now sterilized by filtration, which physically removes the organism without releasing its endotoxin. 

\ The contamination of intravenous fluids by endotoxin is detected by a test based on the observation 
| that nanogram amounts of endotoxin can clot extracts of the horseshoe crab, Limulus. 

[ Endotoxinlike pathophysiologic effects can occur in gram-positive bacteremic infections (eg, S 
| aureus and 5 pyogenes infections) as well. Since endotoxin is absent in these organisms, other cell 
< wall components, eg, teichoic acid or peptidoglycan, probably cause the release of TNF and inter- 
\ leukin-1 from macrophages. 
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